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Vesicoureteral reflux in male and female neonates as detected resolve or improve spontaneously, especially during the
by voiding ultrasonography. first two years of life [4, 5], the incidence of VUR should
Background. Vesicoureteral reflux (VUR) is assumed to be be highest during early infancy. It is well known thatcongenital, and its early diagnosis is desired in order to prevent
VUR is diagnosed more often in girls than in boys duringacquired renal damage. However, the incidence of VUR in
childhood [6], except for early infancy, when the diagno-neonates remains to be revealed.
Methods. Two thousand newborn babies (1048 boys and sis of VUR is more frequent in boys [7, 8]. These figures
952 girls) underwent voiding ultrasonography (an ultrasound explain the frequency of VUR among populations with
examination of urinary tract during provoked voiding). Those
a manifestation such as urinary infection or hydrone-who showed transient renal pelvic dilation during voiding, who
phrosis, or with a positive family history. However, thehad small kidneys, or who subsequently developed urinary
infection underwent voiding cystourethrography. exact overall incidence of VUR in all live births remains
Results. Transient renal pelvic dilation was observed in 16 to be revealed [9], because voiding cystourethrography,
babies (0.8%), including one boy with small kidneys. Among the standard procedure for the diagnosis of VUR, is toothe rest of the babies, one boy had a small kidney, and nine
invasive for normal healthy children to undergo. Sincebabies subsequently developed urinary infection. Voiding cys-
ultrasound was introduced into the medical field, it hastourethrography revealed VUR in 24 ureters of 16 children
(11 boys and 5 girls). Dimercaptosuccinate renoscintigraphy been regarded as a harmless, noninvasive, and reliable
confirmed small kidneys, with generally reduced tracer uptake measure for the diagnosis of urinary tract anomalies.
in a total of three boys, all having VUR. Voiding ultrasonogra- However, ultrasound examination, despite the effort thatphy detected transient renal pelvic dilation in 17 (71%) of the
has been extended so far to reveal structural abnormali-24 kidneys with VUR and, strikingly, 16 of the 17 (94%) kid-
ties associated with VUR, has failed to detect VUR sensi-neys with high-grade VUR (grade III or more).
Conclusion. This study effectively detected VUR in 0.8% of tively [10]. This is most likely due to the fact that VUR
the neonates (mostly of high grades and predominantly in is often a functional disorder and not always accompa-
males) and voiding ultrasonography showed a decided use-
nied by definite structural abnormalities. Recently, ultra-fulness for the detection of VUR. The male preponderance of
sound scanning of the kidneys during voiding (voidingVUR in neonates was considered to be due to the occurrence
of congenitally small kidneys, with reflux found exclusively in ultrasonography) [11] revealed transient renal pelvic di-
males and easier ultrasound detection of VUR in male neo- lation as a reliable indicator for VUR of grades III or
nates because the majority of diagnoses are reported to be more. In this study, we attempted to detect VUR effec-
high grades of VUR.
tively with ultrasound in a large number of healthy neo-
nates by scanning the urinary tract during provoked void-
ing to determine the incidence of VUR in male andVesicoureteral reflux (VUR) predisposes children to
female newborns among the general population.urinary tract infection and renal damage [1]. Because
VUR is considered to be congenital [2, 3] and tends to
METHODS
Voiding ultrasonography was attempted at a mean ageKey words: cystourethrography, urinary tract infection, ultrasound,
small kidney, renal damage in neonates. of three days (0 to 28 days) in the following manner on
3317 (1765 males and 1552 females) apparently healthyReceived for publication August 4, 1998
babies born at Kasuga Ladies’ Clinic, Fukui Aiiku Hospi-and in revised form October 14, 1998
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obtaining informed consent for each baby. A real-time ing a differential of less than 33%, or a nonfunctioning
B-mode ultrasound scanner was used with a 5 MHz con- kidney. The degree of ureteral reflux was graded using
vex transducer [11]. First, bladder and bilateral kidneys voiding cystourethrography (VCUG) and international
were scanned with the baby supine. The scanning exam- criteria [15]. The signs and symptoms of urinary tract
ined the bladder for its fullness with urine and for infection were explained to the mothers and it was rec-
whether distal segments of the ureters could be identified ommended that they consult our clinic. Infants who had
behind the bladder, and it also examined both kidneys no abnormal ultrasound findings and who subsequently
for their pelvis size. Babies were then pressed lightly on developed febrile urinary infection also underwent void-
their lower abdomen with an ultrasound transducer or ing cystourethrography and Tc-99 m DMSA renal scin-
pinched lightly on the pads of their feet to make them tigraphy. Urinary infection was diagnosed when a single
contract their abdominal wall musculature and enhance pathogenic bacillus was isolated at a concentration of
intra-abdominal pressure. When the baby contracted its 105/ml or more for clean catch urine samples or at a
bladder and voided, the kidneys were scanned again for concentration of 5 3 104/ml or more for catheterized
detection of transient pelvic dilation [11]. The voiding urine samples.
provocation was attempted for up to five minutes per
baby. Two thousand (60.3%) of the 3317 babies voided
RESULTSin this way during the initial scanning. These voiders
were comprised of 1048 boys and 952 girls. Transient The results are summarized in Table 1. Sixteen babies
renal pelvic dilation was diagnosed when the renal pelvis (0.8%) among the voiders showed a transient renal pelvic
showed definite enlargement upon voiding and returned dilation in 19 of their ureters. As shown in Figure 1,
to the initial size one to two minutes later. A typical the kidneys typically showed no pelvic dilation (Fig. 1d)
renal pelvic dilation is shown in Figure 1. When transient when the bladder detrusor was flaccid (Fig. 1a), devel-
pelvic dilation was suspected in a baby, but not definitely oped transient pelvic dilation (Fig. 1e) only after the
confirmed, we recommended a re-examination of the bladder detrusor contracted (Fig. 1 b, c), and recovered
infant with an ultrasound scanner equipped with a video- to the basal pelvis size (Fig. 1f) usually within two min-
cassette recorder at Fukui Medical University Hospital. utes after completion of the voiding (Fig. 1c). Among
By reviewing the videotapes, we could diagnose the tran- the 16 babies, one also showed bilateral small kidneys.
sient renal pelvic dilation when the baby’s renal pelvis Another two who had a bifid pelvis were subsequently
was dilated more than 3.0 mm compared with before the diagnosed as having duplication of the ureter by intrave-
voiding, and could determine if it returned close to its nous pyelography. Voiding cystourethrography, per-
basal size within two minutes (Fig. 1). Kidneys were also formed in 15 babies, revealed VUR in 21 ureters of 14
scanned from the back, with the baby prone, to obtain babies (9 boys and 5 girls). Reflux grades were V in two,
renal dimensions [12] and basal renal pelvis size as inner IV in six, III in three, and II in five ureters.
dimensions [13]. The longitudinal length of the kidney
Among the 1984 voiders who did not show transient
was measured more carefully when it seemed smaller
pelvic dilation, one boy had a relatively small kidney.than the lower limit of body weight-adjusted length of
Another boy had a multicystic dysplastic kidney, andnormal controls [14] or when one kidney seemed smaller
nine babies subsequently developed urinary infection.than the opposite kidney in the longitudinal section on
Voiding cystourethrography revealed bilateral VURthe first scanning [12]. The entire scanning procedure
(grade II) in the former boy, with a small kidney andusually took about three to five minutes per baby. When
unilateral VUR (grade III) in one boy of the nine infantsultrasound re-examination one month later confirmed
with urinary infection. Both of the kidneys with VURthe presence of small kidneys, we recommended a diag-
showed generally diminished DMSA uptake (less thannostic Technetium-99 m Dimercaptosuccinate (Tc-99 m
half of the opposite kidney) without focal defect.DMSA) renal scintigraphy. The scintigraphy was acquired
Among the 2000 babies who were scanned duringthree hours after an intravenous injection of 3 mCi/m2
voiding, VUR was diagnosed in 24 ureters of 16 children(minimum 1 mCi and maximum 5 mCi) of Tc-99 m
(0.8%), 11 boys and 5 girls. As summarized in Table 2,DMSA for five minutes each in the posterior and both
voiding ultrasonography clearly detected transient renalright and left posterior oblique projections using a scin-
pelvic dilation in 17 (71%) of the 24 kidneys with VURtillation camera system, Starcam 400 AC/T with a low-
and, strikingly, 16 of the 17 (94%) kidneys with high-energy, general-purpose collimeter (General Electric Co.,
grade VUR (grade III or more). Only 6 (25%) of theMilwaukee, IL, USA).
24 kidneys with VUR had the dilated basal renal pelvisWe recommended voiding cystourethrography when
with an inner dimension of 5 mm or more. Six of the 24the ultrasound scanning revealed transient renal pelvic
kidneys associated with VUR did not show pelvic dila-dilation or dysplastic kidneys or when the Tc-99 m
DMSA renoscintigraphy diagnosed a small kidney, hav- tion either as a basal condition or on voiding.
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Fig. 1. Ultrasound pictures representing transient
renal pelvic dilation during voiding ultrasonogra-
phy. The transverse scanning of the bladder ex-
posed the flaccid bladder with an angular shape
(a), and the intercostal scanning of the right kidney
showed no pelvic dilation (d). As a result of the
voiding provocation maneuver, the bladder be-
came round in its transverse section, indicating
bladder detrusor contraction (b), and voiding
started. The distal segment of the right ureter was
identified behind the bladder (indicated by an
arrow). Immediately after completion of the void-
ing (c), the scanning of the right kidney showed
definite pelvic dilation with an inner pelvic dimen-
sion of 9.7 mm (e; the length determined between
the two arrows). One minute after voiding finished,
the kidney almost recovered to the basal pelvis
size (f ), with an inner pelvic dimension of 3.5 mm.
DISCUSSION imately five minutes, even on the babies having a little
urine in their bladder, and we could not wait for theIn this study, voiding could be provoked in 2000 ba-
bladder to be filled with urine. The shortage of time inbies, that is, approximately 60% of the babies attempted,
the screening study is most likely responsible for the lowin as short a time as three to five minutes. We have
success rate of approximately 60%. For babies with afound that approximately 80% of the babies whose blad-
high risk for VUR, such as an episode of urinary infectionders were filled with urine above 12 ml voided during
or a positive family history, a second attempt to accom-the provocation maneuver, and all of the babies voided
plish the maneuver, perhaps 20 minutes after the firstwhen the bladder was filled with more than 24 ml of
try, should enhance the success rate. It seems likely thaturine (see note added in proof). We consider the degree
there was no difference in the incidence of VUR betweenof bladder filling to be the most important factor affect-
the voiders and nonvoiders in this study because no dif-ing voiding inducibility during the maneuver. In the cur-
rent study, the maneuver was attempted for only approx- ferences in functional or structural abnormalities were
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Table 2. Results of the ultrasound screening study among babiesTable 1. Results of the ultrasound screening study,
dimercaptosuccinate (DMSA) renoscintigraphy and with vesicoureteral reflux (VUR) who were diagnosed with
voiding cystourethrographyvoiding cystourethrography
DMSA Basal pelvis sizea
Ultrasound study renoscintigraphy VUR/VCUGa
Pelvis size on voiding No. of babies ,5 mm 5 mm or more
I. Ballooning (1) 16 14/15
Transient dilation (1)b 17 (16)c 12 (11) 5 (5)Small kidneys 1 Small kidneys 1/1 (1/1)
Transient dilation (2) 7 (1) 6 (1) 1 (0)II. Ballooning (2) 1,984 2/11
(1) Small kidney 1 Small kidney 1/1 (1/1) a Renal pelvis inner dimension determined from back in the transverse section
b Renal pelvis dilation on voiding that was .3.0 mm in comparison to that(2) MCDKb 1 Non-functioning 1/1 (0/1)
before voiding (Fig. 1)(3) Urinary infectionc 9 Small kidney 1/9 (1/9)
c Number in parentheses indicates those with VUR of grades III or moreTotal voiders 2,000
a Number of patients who had vesicoureteral reflux (VUR)/number of patients
who underwent voiding cystourethrography (VCUG)
b Multicystic dysplastic kidney
c Urinary infection occurred after the ultrasound screening before they are applied to the general population, as was
done in this research.
This study identified VUR in 0.8% of the neonates
with an approximately 2:1 male/female ratio of the inci-noticed other than the degree of the bladder filling with
dence of VUR. This ratio is consistent with the previousurine.
fetal ultrasound studies by others, which identified malesThis screening study limited the indications for VCUG
with VUR as being 2 to 10 times more frequent thanto only babies with transient renal pelvic dilation, renal
females [8, 21–23]. This study identified congenitallyanomalies such as renal hypodysplasia, and urinary infec-
small kidneys with reflux only in boys, which is alsotion. Transient renal pelvic dilation was observed in 0.8%
consistent with the previous findings that congenital re-of the babies who voided. Almost all (93%) of the babies
nal damage with reflux was found exclusively in boysshowing transient pelvic dilation were diagnosed as hav-
[22, 23]. The exclusive incidence of the congenitally smalling VUR, almost all (94%) of which were high grades
kidney with reflux in boys at a frequency of 1:300 boys(grades III or more). This confirmed our previous prelim-
[12] may be one of the reasons for excessive occurrenceinary study [11], which showed that transient renal pelvic
of VUR in boys.dilation is a very good indicator for VUR. This seems
Most VUR is suggested to be inherited by autosomalvery reasonable because the definition of International
dominant fashion with low penetrance [24, 25]. Actually,Grades of VUR classifies grade III or more as dilation
Scott et al found no gender difference in the incidenceof renal pelvis on voiding cystourethrography [15]. High
of VUR detected in the prospective study of babies fromgrade VUR has a significant meaning because it espe-
mothers with a positive family history for VUR [26].cially predisposes infants to renal damage [16]. On the
Most of the VUR identified in family studies was classi-other hand, basal pelvic dilation or hydronephrosis,
fied as low grades without dilation of the renal pelvis orwhich does not accompany voiding, is not a reliable
method to diagnose VUR, as it was found in only 25% ureter [5, 27]. The coexistence of voiding dysfunction or
of the kidneys associated with VUR in this study, and high urethral resistance, mostly found in male infants,
in as much as 5 to 6% of the kidneys among the healthy enhances intravesical pressure and VUR grades [17,
babies in our previous study [13]. Small kidneys or renal 27–30]. Most VUR in male infants is actually at higher
hypodysplasia requires specific clinical attention because grades, whereas VUR in female infants is equally distrib-
they are found to be highly associated with VUR [12, uted between low and high grades [23]. The major reason
17, 18] and constitute one of the major causes of child- for the male predominance of VUR found in ultrasound
hood renal insufficiency [19]. Patients with urinary infec- screening may then be the frequent occurrence of voiding
tion also need an examination for urinary tract anoma- dysfunction or high urethral resistance in male infants,
lies. Recently, Avni et al observed several ultrasound making VUR grades higher and allowing their detection
findings associated with VUR such as dilation of the by ultrasound.
renal pelvis, calix, and ureter, thickening of the pelvic
wall, corticomedullary differentiation, and signs of dys-
NOTE ADDED IN PROOFplasia [20]. They observed at least one of these signs in
Hiraoka M, Hori C, Tsukuhara H, Kasuga K, Kotsuji F, Mayumimost of the babies with VUR and suggested that the
M: Voiding function study with ultrasound in male and female neo-
absence of these signs may exclude VUR. The incidence nates. Kidney Int (in press)
of most of these signs and their specificity for the diagno-
Reprint requests to Masahiro Hiraoka, M.D., Department of Pediat-sis of VUR in neonates remain to be studied. We there-
rics, Fukui Medical University, School of Medicine, Matsuoka, Fukui
fore consider that our indications for VCUG are reason- 910-11, Japan.
E-mail: hiraoka@mitene.or.jpable and that other indications need further investigation
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